Introduction
Room-temperature ionic liquids (RTILs) have extensive applications in industry and chemistry due to their benefit properties including, negligible vapor pressure, nonflammability, reasonable thermal and chemical stability, excellent ionic conductivity, wide electrochemical windows, large liquid range, tunable hydrophobicity, and green nature. Physical properties of the RTILs are adaptable by judicious selection of the cation and anion [1] . In view of the excellent physicochemical characteristics of the ionic liquids, they have been used in lithium batteries [2] , electrode position [3] , solar cells [4] , and electric double layer capacitors [5] , and as solvent, reagent and catalyst in organic synthesis [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Among the ionic liquids, protic acidic ones act as catalysts for a variety of organic transformations [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] .
Solvent-free conditions has been applied as a valuable technique in green chemistry, as many compounds could be prepared in an efficient and environmentally benign manner by that. Synthesizing compounds under solvent-free conditions has numerous benefits relative to the classical synthetic techniques, which include: (i) shorter reaction time, (ii) higher yield of product, (iii) maximum incorporation of the reactants into the aim product, (iv) higher selectivity in many reactions, (v) easier workup, (vi) fewer energy requirement to promote reaction, (vii) prevention of using harmful and volatile solvents, (viii) safer reaction profile, and (ix) prevention or minimization of waste/by-products [24] [25] [26] [27] [28] .
3,4-Dihydropyrimidin-2 (1H)-one derivatives have various pharmaceutical and biological activities, and have been used as antihypertensive [29] , antibacterial [30] , antitumor [31] , antiviral [32] , calcium channel blockers [33] , neuropeptide antagonist [34] , α1a-adrenergic antagonists [35] , and antiinflammatory [36] agents. The general method which has been utilized for production of this class of compounds consists of the condensation reaction of arylaldehydes with β-ketoesters (or compounds containing active methylene) and urea in the presence of a catalyst; for example Mg-Al-CO3 and Ca-Al-CO3 hydrotalcite [37] [47] . Although some catalysts for the synthesis of 3,4-dihydropyrimidin-2 (1H)-ones are known, newer catalysts continue to attract attention for solving the drawbacks accompanied with the reported ones, such as harsh conditions, long reaction times, moderate yields, the use of expensive, non-available or toxic catalysts, difficulty in catalyst preparation, and performing the reaction in volatile and toxic organic solvents.
Bearing the above-mentioned subjects in mind, we report here a highly effective and dulfunctional ionic-liquid catalyst namely pyridinium-N-sulfonic acid bisulfate (Py-SO3H] [HSO4]) to produce 3, 4-dihydropyrimidin-2 (1H)-ones via the condensation reaction between arylaldehydes, β-ketoesters and urea in the absence of solvent. Interestingly, our procedure hasn't the mentioned disadvantages at all.
Experimental

Materials and methods
All the chemicals were purchased from Merck and Fluka Chemical Companies. All known compounds were identified by comparison of their melting points and spectral data with those reported in the literature. The melting points were recorded on a Büchi B-545 apparatus in open capillary tubes. Progress of the reactions was monitored by thin layer chromatography (TLC) using silica gel SIL G/UV 254 plates. The 1 H NMR (250 or 400 MHz) and 13 C NMR (62.5 or 100 MHz) were run on a Bruker Avance DPX, FT-NMR spectrometers.
Procedure for preparation of [Py-SO3H][HSO4]
A solution of pyridine (0.395 g, 5 mmol) in dry CH2Cl2 (15 mL) was added dropwise to a stirring solution of chlorosulfonic acid (0.580 g, 5 mmol) in dry CH2Cl2 (15 mL) over a period of 10 min in an ice-bath. After the addition was completed, the reaction mixture was stirred for 60 min at room temperature [13] , and then sulfuric acid (0.490 g, 5 mmol) was added dropwise over a period of 3 min. The resulting mixture was stirred for 4 h at room temperature under nitrogen atmosphere (to remove the produced HCl), and for 1 h in refluxed CH2Cl2. Afterward, the mixture was stand for 3 min, the CH2Cl2 was decanted, and the residue was washed with dry CH2Cl2 (3×10 mL), and dried under vacuum to give [HSO4] as a viscous pale yellow oil in 97 % yield (Scheme 1) [14] .
Scheme 1. The synthesis of pyridinium-N-sulfonic acid bisulfate
General procedure for production of 3, 4-dihydropyrimidin-2 (1H)-ones
A mixture of arylaldehyde (1 mmol), β-ketoester (1 mmol), urea (0.078 g, 1.3 mmol) and [HSO4] (0.052 g, 0.2 mmol) was initially stirred magnetically at 80 °C, and after solidification of the reaction mixture, it was stirred by a small rod at same temperature. Progress of the reaction was followed by TLC; after completion of the reaction, the mixture was cooled to room temperature, and the resultant solid was purified by recrystallization from ethanol (95%) to give the pure product. With the aim of recognizing the generality and effectiveness of the catalyst for producing the 3,4-dihydropyrimidin-2 (1H)-ones, the reaction of different arylaldehydes (benzaldehyde and electron-rich as well as electron-deficient arylaldehydes) with β-ketoesters and urea was examined in the presence of [HSO4] in the optimal conditions; the relevant results are summarized in Table 2 . As shown in Table 2 , the ionic-liquid efficiently catalyzed all reactions to produce the related products in excellent yields and in short reaction times. Thus, [Py-SO3H][HSO4] was general and highly efficient catalyst for the synthesis.
Selected spectroscopic data of 3, 4-dihydropyrimidin-2 (1H)-ones
Scheme 2. The model reaction for the production of 3, 4-dihydropyrimidin-2 (1H)-one
In another study, our catalyst was compared with the more recently reported catalysts for the production of 3,4-dihydropyrimidin-2(1H)-ones. The results for the synthesis of compounds 3 and 7 were displayed in Table 3 . As demonstrated in Table 3 , the [Py-SO3H][HSO4] was superior related to the reported catalysts in terms of reaction time, yield and/or reaction conditions as well as temperature. Moreover, the purification of the products in our method was easy (recrystallization). The amount of urea used in our protocol was also fewer than most of the reported protocol. 
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Step In this work, we introduced a new acidic ionic-liquid catalyst namely pyridinium-Nsulfonic acid bisulfate for the reaction of arylaldehydes with β-ketoesters and urea to produce 3,4-dihydropyrimidin-2(1H)-ones, with the following benefits: generality, effectiveness, excellent yields, short reaction times, easy workup and purification of the products, easy preparation of the catalyst from available reactants, clean reaction, dualfunctionality of the catalyst, avoid of using organic solvents as reaction media, and goof agreement with green chemistry protocols.
